We found that Gsdf Y showed high expression specifically in males during sex differentiation. 
Introduction

1
In most vertebrates, sex is determined genetically. Mammals and birds with cytogenetically 2 well-differentiated sex chromosomes have sex determination systems that differ between the 3 taxonomic classes but not within them (Solari 1994) . In mammals, for example, the 4 sex-determining gene SRY/Sry on the Y chromosome has a universal role in sex determination 5 (Gubby et al. 1990; Sinclair et al. 1990 ; Koopman et al. 1991; Foster et al. 1992) . By contrast, 6 some fish groups, such as salmonids, sticklebacks, and Oryzias fishes, have sex chromosomes 
9
A DM-domain gene, Dmy, was the first sex-determining (SD) gene identified in a 10 non-mammalian vertebrate, the fish medaka Oryzias latipes (Matsuda et al. 2002 (Matsuda et al. , 2007 . In this 11 species, the term Y chromosome is employed to refer to a recombining chromosome that carries 12 the male-determining gene Dmy, and X is used for the homologous chromosome; these are not a luzonensis, however, no functional duplicated copy of Dmrt1 has been detected (Kondo et al. 22 2003) ( Figure 5A ).
23
Oryzias luzonensis possesses an XX-XY system, which is homologous to an autosomal 24 linkage group (LG 12) in O. latipes Tanaka et al. 2007 ). This species, 25 like O. latipes, has homomorphic sex chromosomes without recombination suppression between 26 5 them. This supports the hypothesis that Dmy lost its SD function and disappeared after a new SD Luzon, The Philippines, in 1982, and has been maintained as a closed colony (Formacion and 4 Uwa 1985). In the d-rR strain, the wild-type allele R of r (a sex-linked pigment gene) is located 5 on the Y chromosome. The body of the female was white, whereas that of the male was 6 orange-red (Hyodo-Taniguchi and Sakaizumi 1993). These fishes were supplied by a subcentre 7 (Niigata University) of the National BioResource Project (medaka) supported by the Ministry of 8 Education, Culture, Sports, Science, and Technology of Japan.
9
DNA and RNA extraction 10 Total RNA and genomic DNA were extracted from each hatched embryo after 11 homogenization in a 1.5-ml tube with 350 ml RLT buffer supplied with the RNeasy Mini Kit 12 (Qiagen). The homogenized lysates were centrifuged and supernatants were used for RNA 13 extraction with the RNeasy Mini Kit and the RNase-Free DNase set protocol (Qiagen).
14 Precipitated material was used for DNA extraction by using the DNeasy tissue Kit (Qiagen) 15 according to the manufacturer's protocol.
16
Genotypic sexing
17
Genotyping of the SD region was conducted by using genomic PCR of fin clip DNA.
18
Genomic PCR was performed by using four sets of primers designed in the SD region 19 (Supplementary Table 1 ). PCR conditions were as follows: 5 min at 95°C, followed by 35 cycles 20 of 20 s at 95°C, 30 s at 58°C, and 1 min at 72°C, followed by 5 min at 72°C.
21
Construction of genomic libraries and chromosome walking
22
A BAC genomic library (LMB1) was constructed from cultured cells that were derived from an 23 embryo that was produced by mating an XX female with a sex-reversed XX male. The cultured 24 cells were embedded in the agarose gel, and then, partially digested with Sac I. The 21 The predicted mature domain of GSDF, additional members of the transforming growth factor 
Phylogenetic analysis
RT-PCR
11
RT-PCR was performed by using a One Step RT-PCR kit (QIAGEN). Aliquots (20 ng) of total
12
RNA samples were used as templates in 25-μl reaction volumes.
13
The PCR conditions were: 30 min at 55°C; 15 min at 95°C; cycles of 20 s at 96°C, 30 s at 55°C,
14
and 60 s at 72°C; and 5 min at 72°C. The number of cycles for each gene was adjusted to be 15 within the linear range of amplification, specifically 35 cycles for predicted genes (PGs) and 24 16 cycles for β-actin. Specific primers for PGs were designed in each exon (Supplementary Table 1 ).
17
Real-time PCR
18
Expression levels were quantified by using RNA from the body trunks of fry from -2 to 10 19 days after hatching (dah). Concentrations were adjusted to a total of 5 ng for each real-time assay. 
Results and Discussion
16
Nine genes were predicted in the SD region
17
The SD region of O. luzonensis maps between eyeless and 171M23F on LG 12 (Tanaka et al. 18 2007). We performed further linkage analysis and obtained two male recombinants for this region.
19
One male had a recombination breakpoint between OluX2-8 and OluX2-25, and the other had a 20 breakpoint between OluX3-34 and OluX4-6, refining the SD region to between OluX2-8 and OluX4-6 ( Figure 1A ).
22
We constructed a BAC library of an XX fish and a fosmid library of a YY fish, and we made Gsdf Y is responsible to male specific high expression during sex differentiation 9
To examine whether the predicted genes (PGs) are expressed during sexual differentiation, Figure 1B) . Only one gene, PG5, shows higher expression in XY embryos than in XX embryos.
15
We determined the full-length mRNA sequence of PG5 on the X and Y chromosomes using 5' XX embryos from 2 days before hatching (dbh) to 10 dah ( Figure 3A ). In the XY embryo, Gsdf Y 2 expression was higher than Gsdf X expression at 0 dah, whereas it was similar to Gsdf X expression 3 at 5 and 10 dah. Figure S1A ). In generation zero (G0), we obtained 54 adult fish with the transgene, one of which 15 was a sex-reversed XX male (Table 1) . We mated the XX male with a normal female to obtain G1 16 progeny, and G2 progeny were obtained from an XX male of the G1 progeny. All fish bearing the 17 transgene developed as males in both the G1 and G2 progeny, whereas all fish without the region, but no other predicted genes ( Figure S1B ). As with the previous transgenic experiment, 22 we established a strain (Strain 2) whose sex was determined by the transgene (Table 1) . To 23 confirm the mRNA expression of both strains, we examined embryos at 0 dah by using real-time
24
PCR. XX embryos carrying the transgene expressed higher levels of Gsdf than did XX embryos 25 without the transgene in both strains (data not shown). secretory protein belonging to the TGF-β superfamily and was originally identified as a factor O. latipes, the sex-specific high expression of Gsdf should be triggered by Dmy in this species. Technology of Japan (MEXT). And this work also supported by KAKENHI via Grants-in-Aid for * P < 0.05; ** P < 0.01; *** P < 0.001, one-way ANOVA, post-hoc comparisons, Turkey's test.
7
Columns and error bars represent mean±SEM (n = 12). 
